Osteoblastic glutamate receptor function regulates bone formation and resorption.
Previous studies showed that a variety of bone cells express protein components necessary for neuronal-like glutamatergic signaling and implicated glutamate as having a role in mechanically induced bone remodeling. Initial functional studies concentrated on the role of glutamate signaling in bone resorption and provided compelling evidence to suggest that glutamate signaling through functional NMDA type ionotropic glutamate receptors (iGluRs) is a prerequisite for in vitro osteoclastogenesis. Originally, effects of iGluR antagonists seen in co-cultures were attributed to antagonists acting directly on osteoclast precursors. However, in the light of recent osteoblast studies it now seems likely that the observed effects on osteoclastogenesis are an indirect effect of modulating the function of pre-osteoblast present within these cultures. The presence of iGluRs in osteoblasts suggests a role for them in bone formation and this paper reviews and discusses the emerging data relating to the role of glutamate signaling in osteoblasts. A number of recently published studies have shown that osteoblasts not only express a wide number of 'pre-synaptic' glutamatergic proteins but also possess the ability to both regulate glutamate release and actively recycle extracellular glutamate. The functionality of osteoblastic 'post-synaptic' glutamatergic components has also been shown as both primary and clonal osteoblasts express electrophysiologically active iGluRs, metabotropic type glutamate receptors (mGluRs) along with a variety of glutamate receptor associated signaling proteins. There is, however, little published data regarding the actual role of glutamatergic signaling in osteoblastic bone formation. In vivo and in vitro studies performed provide evidence that glutamatergic signaling is a necessity for normal osteoblast function. In a number of different models of in vitro bone formation, the addition of non-competitive antagonists of iGluRs prevents the formation of mineralized bone, moreover antagonizing some sub-types of iGluR mediates the differentiation of pre-osteoblasts. iGluR antagonists modulate osteoblast function in a manner that correlates with the previously reported data regarding in vitro osteoclastogenesis. Interestingly iGluR mediated glutamate signaling appears to function differently in osteoblasts derived from flat and long bones. This implies the components of osteoblastic glutamatergic signaling may be adapted in vivo possibly to reflect the differential function of osteoblasts in those regions of the skeleton.